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(57) Abstract 

A composition is disclosed contain- 
ing non-esterified fatty acids having 14-18 
carbon atoms, monoglycerides which are 
monoesters of glycerol and fj^tty adds hav- 
ing 14-18 carbon atoms, lysophosphatidyl- 
choline in which the fatty acid moiety has 
14-18 carbon atoms and bicarbonate. The 
compositions can optionally also contain 
bile salts. These compositions form submic- 
ron size colloidal particles and can act as ve- 
hicles for transporting orally administered 
drugs, sources of calories in the form of 
readily absorbable fats and as particles for 
topical application to the skin. A method of 
making these particles is also described. 
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MIXED LIPID-BICARBONATE COLLOIDAL PARTICLES 
FOR DELIVERING DRUGS OR CALORIES 

Description 



Background of the Invention 

05 Drug Absorption 

Drugs must reach their targets selectively and 
controllably if their desired pharmacological activ- 
ities are to be maximized. One approach to opti- 
.mizing the activities of drugs is to control and 

10 sustain their delivery into the systemic blood 

circulation. Orally administered drugs are generally 
absorbed in the intestine. Such drugs undergo first 
pass clearance by the liver and small intestine; that 
is, they are converted by the intestine and the liver 

15 to pharmacologically inactive metabolites and/or are 
secreted into bile by the liver, either as drug or as 
active metabolites. As a result, the amount of an 
orally administered drug actually entering the 
systemic circulation can be much less than the amount 

20 administered. To ensure that effective quantities of 
such a drug will enter the circulation and reach the 
targeted site(s) in the body, larger quantities than 
actually needed must be administered and often must 
be given in several smaller doses, rather than one 

25 dose. Orally administered drugs also typically have 
poor bioavailability. For example, they may be 
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adversely affected by the pH and the enzymatic 
activity of the stomach and intestine and may be 
poorly dissolved in the stomach and intestinal 
fluids . 

05 There have been numerous attempts to address 

these problems and to improve the bioavailability of 
orally administered drugs. The efficacy of some 
drugs given orally has been improved by administering 
them with a triglyceride or neutral fat. Such fats 

10 represent an environment that is compatible with 
lipophilic drugs, i.e. that exhibit low aqueous 
solubility. Fats also enhance the stability of drugs 
which are unstable in the stomach and intestine. The 
end products of fat digestion are absorbed by the 

15 villi of the intestinal mucosa into a lymphatic 

vessel/ the central lacteal; absorption occurs within 
a region of the intestine in which limited drug 
metabolism occurs* The absorbed fat is transported 
through the thoracic duct, the major lymphatic 

20 channel and is subsequently emptied into the blood; 

it is not carried in the portal blood, which goes to 
the liver, where first pass metabolism of drugs 
occurs . 

The absorption of griseofulvin has been shown to 
25 be enhanced if the drug is co-administered with a 
high fat content meal or in an oil and water emul- 
sion. Crounse, R. G., Journal of Investigative 
Dermatology ^ 37:529 (1961); Carrigan, P. J. and 
Bates, T. R. , Journal of Pharmacological Science , 
30 62:1476 (1973). If the hormone testosterone undecan- 
oate is administered in a peanut oil solution, it is 
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more biologically active than if it is administered 
in an aqueous microcrystalline suspension. Coert, A. 
J. et al., Acta Endocrinol , 79:789 (1975); 
Hirschhauser, C. et al.. Acta Endocrinol . 80:179 

05 (1975). This effect is presumed to be due to absorp- 
tion of the steroid via the thoracic lymph rather 
than the portal blood; in this way, first pass 
clearance by the liver is avoided. 

Cholesterol, its esters as well as triglyceride 

10 constituents (e.g., fatty acids and monoglycerides) 
are absorbed via the thoracic lymph. The effects of 
some of these compounds, alone or in the presence of 
bile salts, upon absorption of some orally adminis- 
tered drugs have been evaluated. For example, oral 

15 administration of ubidecarenone, which is used for 
treating hypertension, in a mixture containing fatty 
acids having 12-18 carbon atoms and monoglycerides 
containing such fatty acids, resulted in somewhat 
greater absorption of the ubidecarenone than occurred 

20 after oral administration of the drug along (-8.3% v. 
2.3%). Taki, k. and Takahira, H, , U. S. Pat. No. 
4,325,942 (1982). If the steroid progesterone is 
administered orally in combination with cholesterol 
or its esters, good sustained biological activity can 

25 be obtained. This is believed to be due to the 

absorption of progesterone via the thoracic lymph and 
not via the portal circulation. Kind, F. A., 
Proceedings of the 6th Internationa l Congress of 
Pharmacology , 5:105 (1975), 

30 Yesair has evaluated the effect, of fatty acids 

having 12-18 carbon atoms, monoglycerides of these 
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fatty acids, and bile salts on the absorption of 
orally administered estradiol, which is an estrogenic 
hormone. Yesair, D. W. , PCT WO 83/00294 (1983). The 
mole ratio of fatty acids :monoglycerides: bile salts 
05 evaluated ranged from 10:1:1, 1:1:10 or 1:10:1. The 
preferred ratio was stated to be 2:1:2, which is 
similar to the micellar composition resulting from 
the enzymatic digestion of triglycerides in the 
intestine, which occurs in the presence of bile salts 
10 and calcium ions. When excess bile salts are 
present, estradiol incorporated into the 2:1:2 
composition can migrate or partition into a bile 
salt-enriched micellar solution. This migration or 
partitioning of estradiol occurred prior to. absorp- 
15 tion of the drug, as shown by the fact that the 

initial concentrations in plasma of estradiol are 
initially greater than those in lymph. In addition, 
about 25-50% of the estradiol administered in the 
composition was co-absorbed with the lipid constit- 
" 20 uents and entered the systemic circulation via the 
thoracic lymph. 

The presence of bile salts, which are absorbed 
in the ileum (and not in the jejunum, as is most fat) 
compromised the co-absorption of estradiol with fat 
25 by enhancing the migration of the drug from fat to 

the bile salt micelle. Phosphatidylcholine was used 
in an effort to maintain the estradiol within the 
micellar composition in which fatty acids rmono- 
glyceridesrbile salts occurred in a 2:1:2 molar 
30 ratio. In the presence of excess bile salts, abour 
60% of the estradiol incorporated into the 2:1:2 
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micellar composition remained associated with it when 
phosphatidylcholine was not present. Under the same 
conditions, about 70-75% of the estradiol remained in 
the composition when phosphatidylcholine was used. 

05 Addition of phosphatidylcholine for this purpose, 

however, results in an increased size of the delivery 
system. Size is an important parameter in the 
absorption of lipid micelles and this effect of 
phosphatidylcholine might interfere* with co- 

10 absorption of the drug with the lipids. In addition, 
excess phosphatidylcholine has been shown to reduce 
lipid absorption. Ammon, H. V., et al . , Lipids, 
14:395 (1979); Clark, S. B., Gastroint estinal 
Physiology , 4:E183 (1978). 

15 Others have also described the effects of the 

presence of bile salts in lipid formulations used for 
co-absorption of drugs. Wilson, T. H., In: 
Intestinal Absorption , Saunders, (1962); Lack, L. and 
Weiner, I. M., American Journal of Physiology, 

20.' 240:313, (1961); H. V. Ammon et al-. Lipids, 14:395 * 
(1979). For example, little difference in the 
absorption of 5-f luorouracil (5FU) in the stomach or 
small intestine was evident when the 5FU was adminis- 
tered alone or in a monoolein/ sodium taurocholate 

25 mixed micelle formulation. 5FU absorption in the 
large intestine was greater when the drug was 
administered in the formulation than when it was 
administered alone. Streptomycin is poorly absorbed 
from the intestine. Muranushi and co-workers report 

30 that mixed micelles, composed of bile salts, 

monoolein or unsaturated fatty acids, did nor improve 
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the absorption of streptomycin from the small 
intestine but markedly enhanced the absorption from 
the large intestine. The enhancement in the large 
intestine was attributed mostly to the alteration of 
05 the mucosal membrane permeability by monoolein or 

unsaturated fatty acids. In contrast, mixed micelles 
of bile salts and saturated fatty acids produced only 
a small enhancement in streptomycin absorption even 
from the large intestine- Muranushi, N, et al., 
10 Journal of Pharmaceutics , 4:271 (1980). Taniguchi et 
al report that monoolein/taurocholate or oleic 
acid/taurocholate promotes the absorption of heparin, 
which is poorly absorbed when administered alone. 
Taniguchi, K. et al.. International Journal of 
15 Pharmaceutics , 4:219 (1980). Absorption of heparin 
from the large intestine was twice that which 
occurred from the small intestine. The concentration 
of heparin in the mixed micelle to produce the 
potentiation in the large intestine was approximately 
20 ^ one-fourth that required in the small intestine. 

In U. S. Pat. No. 4,156,719, Sezoski and 
Muranishi describe a micelle solution for rectal 
administration of water-soluble drugs that are poorly 
absorbed. The composition consists of fatty acids 
25 having 6-18 carbons, and/or mono- or diglycerides 

having the same type of fatty acids; a bile salt or 
other non-ionic surface activity agent; and water. A 
lysophosphatidylcholine moiety can be substituted for 
the fatty acids and mono- or diglycerides. Absorp- 
30 tion of streptomycin and gentamycin from the rectum 

and large intestine is reported to be comparable when 
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the drug is administered in -a bile salt:mixed lipid 
micelle. Similar formulations were not effective in 
increasing absorption in the duodenum. Muranushi, S. 
et al.^ International Journal of Pharmaceutics , 2:101 

05 (1979). Absorption of the two drugs via the rectum 

and large intestine was markedly greater than that of 
a comparable dose administered duodenally, even when 
the mixed lipid micelle concentration administered 
duodenally was four times that administered via the 

10 other routes. 

In a patent to the present inventor (U. S. 
Patent No. 4,874,795, Yesair) it was shown that a 
lipid composition with specific lipid components xn a 
prescribed relationship to each other was effective 

15 in delivering drugs to the systemic circulation. The 
lipid composition included fatty acids having 14-18 
carbon atoms, monoglycerides with a fatty acid moiery 
having 14-18 carbon atoms, and lysophosphatidy choline 
with a fatty acid moiety having 14-18 carbon atoms. 

20 The fatty acid to monoglyceride molar ratio could 
range from 2:1 to 1:2 and the mole percent of 
lysophosphatidylcholine could range from 30.0 ro 1.0 
when expressed as the mole percent of the total lipid 
composition. This "lipid composition was shown to 

25 effectively transport drugs to the systemic circula- 
tion when they were incorporated into the lipid 
composition. The lipid composition also was shown to 
serve as a source of calories by virtue of its 
inherent fatty acid content that could be metabolized 

30 in an individual's body. 
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Nutrition 

Caloric requirements for individuals are 
primarily a function of body composition and level of 
physical activity. Medically compromised^ aged and 

05 physically stressed individuals often have limited 
body fat. Consequently, energy (caloric) needs will 
be satisfied mainly from exogenous sources. 

Physical activity uses muscle and the energy 
requirements of all muscles^ including the heart, are 

10 met primarily as a result of oxidation of fatty 

acids, from dietary fat or mobilized adipose fat. 
Adipose fat can, as noted, be minimal and therefore 
efficient absorption of fat can be an important 
consideration in satisfying the energy demands of the 

15 medically infirm, the aged, and the physically active. 
Fat absorption can be compromised in many 
circumstances. For example, in cystic fibrosis, a 
disorder of exocrine glands, there is a deficiency of 
pancreatic enzymes, bile salts and bicarbonate ions. 

20 Nutrition Reviews ^ 42:344 (1984); Ross, C. A,, 

Archives of Diseases of Childhood , 30:316 (1955); 
Scow, R. O. E., Journal of Clinical Investigation . 
55:908 (1975). Fat absorption in cystic fibrosis 
patients can be severely affected and 30 to 60 

25 percent of ingested fat can be malabsorbed. The 

malabsorption and resulting steatorrhea are generally 
not successfully handled by the oral administration 
of pancreatic lipase. In an effort to control the 
steatorrhea, the patient may consume less fat than 

30 desirable for good health. 
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Fat absorption can be compromised under stress- 
ful conditions and the generally accepted way of 
addressing this problem has been to reduce fat 
consumption. This approach can result in both acute 

05 and chronic medical problems. These problems might 
be avoided, or at least minimized, if a readily 
absorbable source of fat could be made available. 

At the present time, there is a need for a more 
efficient method of transporting orally administered 

10 drugs to the systemic circulation. This need is 

particularly important for individuals with impaired 
oral intake, intestinal absorption or diminished 
transport capacity. At the same time, there is a 
need for a more efficient oral administration of 

15 calorically rich substances, especially to individ- 
uals with acute energy requirements. The achievement 
of such increased efficiencies would promote more 
effective drug therapies and nutritional stability. 

Summary of the Invention 

20 This invention relates to compositions for 

providing at least one drug or for providing readily 
absorbable calories to an individual. The basic 
composition of the present invention is comprised of: 
(1) at least one non-esterif ied fatty acid having 

25 14-18 carbon atoms, (2) at least one monoglyceride 
which is a monoester of glycerol and a fatty acid 
having 14-18 carbon atoms, (3) lysophosphatidyl- 
choline in which the fatty acid moiety has 14-18 
carbon atoms, and (4) bicarbonate. An optional fifth 

30 component of the composition is bile salts, which can 
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be added to the other four components of the basic 
composition. The composition of the present inven- 
tion is in the form of mixed lipid colloid particles^ 
since they fotm a colloidal suspension in an aqueous 

05 environment. In those instances in which components 
(1) through (4) are present in a composition, the 
composition is referred to as a mixed lipid- 
bicarbonate composition (i.e., a mixed lipid- 
bicarbonate colloid) and in those instances in which 

10 components (1) through (4) plus bile salt are 

present, the composition is referred to as a mixed 
lipid-bicarbonate-bile salt composition (i.e., a 
mixed lipid-bicarbonate-bile salt colloid) . The bile 
salt component is added when it is desired to further 

15 reduce the size of the particulate form of the basic 
composition from its inherent colloidal size. 

In both types of compositions, the non- 
esterified fatty acid and the esterified fatry acid 
moieties of the monoglycerides and lysophosphatidyl- 

20 choline can be saturated or unsaturated. If the 
non-esterif ied fatty acids in the composition are 
saturated, sufficient quantities of divalent cations 
(approximately one-half the molar amount of the fatty 
acids), such as calcium ions, can optionally be added 

25 to form non-esterif ied fatty acid salts. These 

non-esterif ied fatty acid salts would then form the 
non-esterif ied fatty acid portion of the composition. 

The non-esterif ied fatty acids and the monogly- 
cerides are present in the composition in a molar 

30 ratio of between about 2:1 and about 1:2 (non- 
esterif ied fatty acidrmonoglyceride) . Taken 



together, the nonesterif ied fatty acids plus mono- 
glycerides comprise from about 70.0 mole percent to 
about 99.0 mole percent of the total lipid composi- 
tion. The lysophosphatidylcholine therefore 
comprises from about 30,0 mole percent to about 1.0 
mole percent of the total lipid composition. 

The components of the composition of the present 
invention, namely the' fatty acids, monoglycerides , 
lysophosphatidylcholine^ bicarbonate, and optionally, 
bile salts, can be combined to form a mixture before 
being placed in an aqueous enviroiunent . Preferably, 
however, the fatty acid, monoglyceride and 
lysophosphatidylcholine lipids of the basic 
composition are mixed together and then placed in an 
aqueous environment for the subsequent addition of 
bicarbonate, and optionally, bile salts. In either 
instance, following placement of the mixed components 
in the aqueous environment, the composition is 
further processed to form the colloidal particles. 
For example, it can be subjected to a shearing 
operation, mixed or stirred, sonicated or otherwise 
subjected to an appropriate force. To achieve these 
colloidal particles, the lysophophatydylcholine 
concentration of the lipid components (i.e., the sum 
of the concentrations of the individual lipid 
components) should be at least about 0.1 mM to ensure 
stable, mixed lipid particle formation. 

The inclusion of bicarbonate in the basic mixed 
lipid-bicarbonate composition provides a means for 
controlling the size of the colloidal particles 
formed as a result of the intermolecular forces 
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between the components of the composition in an 
aqueous environment. When the molar ratio of bi- 
carbonate to the lysophosphatidylcholine in the total 
lipid is about 1.4:1 or less, the mixed lipid- 
05 bicarbonate colloidal particle size is approximately 
120 nm or larger. When the molar ratio of bicarbon- 
ate to the lysophosphatidylcholine in the total mixed 
lipid increases from about 2:1 to about 7:1, the 
mixed lipid-bicarbonate colloidal particle size 
10 decreases from approximately 120 nm to approximately 
70 nm in direct relationship to the increase in molar 
ratio of bicarbonate to lysophosphatidylcholine in 
the total mixed lipid. If the molar ratio of 
bicarbonate to lysophosphatidylcholine in the total 
15 mixed lipid is increased beyond about 7:1, there is 
no further decrease in mixed lipidbicarbonate 
colloidal particle size. 

When bile salts are additionally incorporated 
into the lipid-bicarbonate composition, the resulting 
^ 20 mixed lipid-bicarbonate-bile salt colloidal particle 
size is smaller than the mixed lipid-bicarbonate 
colloidal particle size. For example, if the molar 
ratio of bicarbonate to the lysophosphatidylcholine 
in the total mixed lipid is at least about 7 : 1 and 
25 the molar ratio of bile salt to the lysophosphatidyl- 
choline in the total mixed lipid is at leasr about 
10:1, the mixed lipid-bicarbonate- bile salt 
colloidal particle size is about 10 nm or less. 

The compositions of this invention are designed 
30 to promote uptake of the mixed lipid colloid of the 
lipid formulations into the mucosa of the small 
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intestine, subsequent synthesis into chylomicrons, 
translocation of the chylomicrons to the thoracic 
lymph and eventual transport to the systemic circula- 
tion (i.e., the blood stream). The compositions 

05 which are the subject of this invention have several 
characteristics which will promote rapid and quanti- 
tative absorption of lipids in the small intestine 
and transport of lipids via the lymphatic system. 
First, the mole ratio range described for rhe fatty 

10 acids and monoglycerides is optimal for their absorp- 
tion in the jejunum. Second, the unsaturated fatty 
acids or saturated fatty acid-calcium salts included 
in the compositions have been shown to be maximally 
absorbed and preferentially transported via the 

15 thoracic lymph rather than via the portal blood. 
Third, the compositions contain lysophosphatidyl- 
choline which enhances translocation of the lipid 
particles as chylomicrons into the thoracic lymph. 
Fourth, the reduction in size of the lipid particles 

20 allows the existence of more particles per unit 
volume and promotes ease of mass transport of the 
individual particles. This reduction in size of the 
particles also allows a higher concentration of 
organized lipid particles to exist in an aqueous 

25 environment. 

The mixed lipid compositions which are the 
subject of this invention can serve as a transport 
vehicle for enhanced uptake and bioavailability of a 
drug or drugs. Drugs are broadly defined here as any 

30 chemical agents or chemical substances which affect 
living processes. These chemical substances can 
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become integrally incorporated into the basic lipid 
particles. Examples of substances which can be 
incorporated into the basic composition of this 
invention are drugs administered for diagnostic, 
05 therapeutic or preventive purposes, lipophilic 

pro-drugs, bioactive peptides and other xenobiotics. 
Other such substances include vitamins, e.g., fat- 
soluble vitamins, and other like materials of meta- 
bolic or nutritive value. The enhanced uptake occurs 
10 because the substance incorporated into the composi- 
tions of this invention is absorbed together with the 
lipids and subsequently enters the systemic circula- 
tion via the lymphatic system. The substance is 
absorbed more rapidly and more completely than it 
15 otherwise would be because first pass clearance by 
the liver is avoided. Thus, more of the absorbed 
dose enters the blood and is available to reach 
target sites within an individual's body than would 
be available if the mixed lipid-bicarbonate formula- 
20 tions were not used. 

The subject compositions can also serve as 
highly concentrated sources of readily absorbable 
fat, which can be used, for example, by those 
individuals in need of a calorically dense dietary 
25 component- When used in this manner, the composi- 
tions of the present invention generally do not 
include a drug and are comprised of the nonesterif ied 
fatty acids, monoglycerides and lysophosphatidyl- 
choline. They can, for example, include a fat 
30 soluble vitamin. 
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The subject compositions also provide stable 
mixed lipid colloids that protect incorporated drugs 
from, for example, enzymatic and chemical degradation 
in the stomach and upper intestine. In addition, the 

05 inherent stability of the lipid components of the 
compositions make the compositions stable over 
extended periods of time and thus can serve as stable 
delivery vehicles for the substances incorporated 
into the mixed lipid-bicarbonate formulations. 

10 The subject mixed lipid compositions can be 

produced according to the following method: In the 
preferred embodiment, the method includes the follow- 
ing steps: First, the following components are 
combined in a non- aqueous environment: (1) at. lease 

15 one non-esterif ied fatty acid having 14-18 carbon 
atoms, (2) at least one monoglyceride which is a 
monoester of glycerol and fatty acid having 14-18 
carbon atoms, and (3) lysophosphatidylcholine in 
which the fatty acid moiety has 14-18 carbon aroms. 

20 The non-esterif ied fatty acids, monoglycerxdes and 
lysophosphatidylcholine are mixed together in molar 
ratios as described above and then placed in an 
aqueous environment containing the bicarbonate 
component. Second, the mixed lipid composition is 

25 subjected to shearing forces of sufficient energy and 
for sufficient time for lipid particles of uniform 
size to form. The shearing forces produce cavita- 
tion of the aqueous environment containing the lipid 
and bicarbonate components such that these components 

30 segregate into particles. The results of this 
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shearing operation are mixed lipid-bicarbonate 
colloidal particles of a homogeneous^ uniform size. 

The shearing forces may be applied as the bicar- 
bonate is being added to the mixed lipid-aqueous 
05 mixture or they can be applied after the bicarbonate 
has been added to achieve a specified molar ratio of 
bicarbonate to total mixed lipid. In either case, 
the same mixed lipid-bicarbonate colloidal particle 
size results. 

10 The same method is used to produce the mixed 

lipid-bicarbonate-bile sale compositions of the 
present invention. Again, the bile salt can be added 
before or during the shearing operation. The same 
mixed lipid-bicarbonate-bile salt colloidal particle 

15 size is achieved in either occurrence. 

The bicarbonate and bile salt can be added to 
the lipid mixture in the aqueous environment either 
simultaneously or sequentially. The order in which 
they are added is not critical. The same uniform 

20 mixed lipid-bicarbonate-bile salt colloidal particle 
size is achieved regardless of which order the 
bicarbonate and bile salt are added. To achieve the 
10 nm or less mixed lipid-bicarbonate-bile salt 
colloidal particle size, the proper molar ratios of 

25 bicarbonate to total mixed lipid and bile salt to 
total mixed lipid must be attained before the final 
shearing operation. 

The above identified lipid particles can also be 
formed when biologically compatible surfactants, such 
30 as TWEEN 80, are added to the. above formulations. 

The addition of such surfactants does not impede the 
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formation of the mixed lipid-bicarbonate or mixed 
lipid-bicarbonate-bile salt colloidal particles. 

A drug or drugs can be administered to an 
individual by oral administration of a mixed lipid- 

05 bicarbonate composition of the present invention in 
which the drug (or drugs) is incorporated. Likewise, 
calories in the form of fatty acids ^ monoglycerides 
or lysophosphatidylcholine can be delivered to 
individuals by orally administering the above mixed 

10 lipid-bicarbonate compositions. In either case, bile 
salts can optionally be a component of the mixed 
lipid bicarbonate composition to form mixed lipid- 
bicarbonate-bile salt compositions that can be 
administered orally to an individual. 

15 Brief Description of the Drawings 

Figure 1 is a graph showing the relationship 
between the surface tension of the mixed lipid 
formulation and the molar concentration of the 
^ lysophosphatidylcholifte (and mixed lipids) in the 
20 mixed lipid formulation. 

Figure 2 is a graph showing the relationship 
between the particle size or surface tension of the 
mixed lipid formulation and the amount of sodium 
bicarbonate in the aqueous environment. 
25 Figure 3 is a graph showing the relationship 

between the particle size of the mixed lipid formula- 
tion and the amount of bile salt, sodium tauro- 
cholate/ in the aqueous environment. 

Figure 4 is a graph showing the relationship 
30 between the particle size or surface tension of the 
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mixed lipid formulation and the combination of 

bicarbonate and bile salt, sodium taurocholate. 

Figure 5 is a graph showing the elution profiles 

from a Sepharose 4B column of the mixed lipid 
05 ( f enretinamide ) -bicarbonate , mixed lipid { f enretin- 

amide) -bicarbonate-bile salt and of free 

f enretinamide . 

Figure 6 is a graph showing the elution profiles 

from a Sepharose 4B column of the mixed lipid- 
10 bicarbonate formulation and the mixed lipid-bicar- 

bonate-bile salt formulation containing diltiazem 

(Drug A) and hydrochlorothiazide (Drug B) . 

Detailed Description of the Invention 

The composition of the present invention is 

15 comprised o/ non-esterif ied fatty acids, monoglycer- 
ides of those fatty acids, lysophosphatidylcholine 
having those fatty acids as their fatty acid moiety, 
and bicarbonate. The selection of .the components of 
the subject composition is based on the absorption 

20 and transport characteristics of the fatty acids, the 
contribution of lysophosphatidylcholine to solubili- 
zation of drugs in the lipid composition, the proper- 
ties of bicarbonate that allow stable, submicron size 
lipid-containing particles to exist and to transloca- 

25 tion of absorbed fat into the lymph (rather than into 
the portal circulation) . 

Absorption of saturated fatty acids has been 
shown to be inversely related to the number of carbon 
atoms in the fatty acid. For example, absorption of 
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decanoic (10:0, which denotes chain length and degree 
of unsaturation) is almost quantitative. For lauric 
(12:0), it is more than 95%; for myristic (14:0), 
80-90%; for palmitic (16:0), 65-70% and for stearic 

05 (18:0), 30-45%. Absorption of unsaturated fatty 
acids into lymph (e.g., linoleic 18:2) have been 
shown to be more rapid and to a greater extent than 
are saturated fatty acids. Taniguchi, K. , 
International Journal of Pharmaceutics , 4:219 (1980). 

10 Transport of absorbed fatty acids via the lymph 

(and not in the portal circulation) varies greatly. 
That is, a much larger percentage of absorbed 
unsaturated fatty acids has been shown to be carried 
in the lymph than is the case for saturated fatty 

15 acids. About 85% of unsaturated fatty acids has been 
shown to be carried in the lymph. Miura, S. et al . , 
Keio Journal of Medicine , 28:121 (1979). The amount 
Of these absorbed fatty acids being carried in the , 
lymph is also inversely related to chain length: 

20 '68-80% for myristic; 85% for palmitic and stearic. 

If saturated fatty acids are included in the 
composition of this invention, they can be included 
as calcium salts or salts of another cation. This is 
true because the enzymatic hydrolysis of triglycer- 

25 ides, which releases saturated fatty acids, favors 
their calcium soap formation. Tak, Y. A. and Grigor, 
M. R. , Biochimica Biophvsica Acta , 531: 257 (1978). 

Translocation of absorbed fat into the lymph has 
been shown to require lysophospharidylcholine . The 

30 rate, but not the magnitude, of the translocation of 
absorbed fat is apparently related to the fatty acid 
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moiety of "the lysophosphatidylcholine. For example, 
oleoyl lysophosphatididylcholine results in a 100% 
increase in triglyceride and phospholipid in 
lymphatic transported fat when compared with the 

05 effects of a lysophosphatidylcholine derived from a 
phosphatidylcholine composed mainly of saturated 
fatty acids (e.g., palmitic, C16:0; stearic, C18:0). 
Incorporating an unsaturated lysophosphatidylcholine 
into the compositions of this invention will enhance 

^0 the translocation of the absorbed lipids and the 

co-absorbed drugs or other substances. In addition, 
lysophosphatidylcholine plays a role in the solubili- 
zation of some drugs (i.e., its presence enhances the 
solubility of the drugs in the compositions). 

15 Examples of unsaturated fatty acids which can be 

used in the composition of this invention are: 

palmitoleic 
oleic 
linoleic 
20 linolenic 

Examples of saturated fatty acids which can be 
used in the subject composition are: 

myristic ^14^28^2 ^^"^ 

palmitic ^16^32^2 ^^'^ 

25 stearic ^18^36^2 ^® ' ° 

The unsaturated and saturated fatty acids can be 
present individually or in combination. That is, the 



Cl6«30O2 
S8«3402 



16: 1 
18: 1 
18:2 
18:3 
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fatty acid constituents of one or more of the lipid 
components (fatty acid, monoglyceride and 
lysophosphatidylcholine) can be identified or they 
can be a mixture of the unsaturated and/or saturated 

05 members of the preferred fatty acid families. 

The non-esterified fatty acids and monoglycer- 
ides are present in amounts which result in a molar 
ratio of from about 2:1 to about 1:2 (non-esterified 
fatty acid: monoglyceride). 

10 In addition, the compositions have lysophospha- 

tidylcholine, the fatty acid moiety of which has 
14-18 carbon atoms and is preferably unsaturated. 
The fatty acid constituent of the lysophosphatidyl- 
choline is preferably one of those listed above. The 

15 quantity of lysophosphatidylcholine in the composi- 
tion is determined by the amount needed for enhanced 
solubilization of a drug to be administered in the 
composition and the amount needed for its role in 
translocation. In general, lysophosphatidylcholine 

20 choline comprises from about i.O mole % to about 30.0 
mole % of the total composition. The fatry acids 
which comprise the compositions of this invention — 
whether as non-esterified fatty acids or as constit-> 
uents of monoglycerides or lysophosphatidylcholine 

25 can all be the same or a number of different ones can 
be included. 

Lipid formulations including the fatty acids, 
monoglycerides and lysophosphatidylcholine described 
above will swell in the presence of distilled water 

30 when heated and hand-shaken. Eventually, a gelatin- 
ous matrix is yielded that appears to be crystalline 
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when viewed under a polarizing microscope. In the 
presence of 0.1 N HCl or pH 7.0 phosphate buffer, 
these lipid formulations do not appear to swell in 
the presence of distilled water when heated and 

05 hand-shaken, but remain as large oil/solid particles 
in these solutions. In contrast, these lipid 
formulations in the presence of distilled water and 
acpieous bile salts, with heat and hand-shaking, yield 
micron sized particles when viewed under a polarizing 

10 microscope. A conclusion thar can be drawn from 

these observations is that the ionic species in the 
aqueous medium affect the size and constitution of 
particles formed from these lipid formulations. In 
particular, the anion types can significantly alter 

15 lipid particle formation, constitution and size. 

It is known that, in addition to bile salts, the 
principal anion in the upper region of the small 
intestine is bicarbonate. It has been, found that 
when this anion is present in sufficient quantities 

20 in the aqueous medium of the lipid formulations, 

submicron particles can be formed. The bicarbonate 
is incorporated in the compositions of the present 
invention by directly mixing the bicarbonate with the 
lipid components, or, preferably, by dissolving salts 

25 of this anion, such as sodium bicarbonate, potassium 
bicarbonate, etc., in the aqueous environment to 
which the previously mixed lipid components of the 
compositions have been placed. When the mixed lipid 
colloidal particles are formed by the shearing 

30 operation, bicarbonate is integrally included in the 
particulate form of the compositions. 
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If bile salts are additionally present in 
sufficient quantities in the aqueous environment ^ the 
already submicron particles can be even further 
reduced in size. Examples of bile salts that will 

05 reduce the size of the mixed lipid-bicarbonate 
colloidal particles are sodium taurocholate and 
sodium glycocholate. The bile salts can be added to 
the non-aqueous mixed lipid-bicarbonate mixture, or, 
preferably, are added to the aqueous environment in 

10 which the lipid components and bicarbonate have been 
combined. The bile salts then become incorporated in 
the colloidal particles of the compositions when 
these particles are formed by the shearing operation. 
The compositions of this invention are prelimin- 

15 arily made according to the following method. The 
component lipids are weighed and mixed, with or 
without heat, to attain liquid homogeneity. When a 
drug is incorporated, it is added and dissolved, with 
or without heat, in the lipid mixture. A uniform 

20 state is indicated by the absence of any solids at 
the appropriate temperature for the mixture to be a 
liquid and by the absence of any schleiren. A 
schleiric effect will be more apparent at greater 
concentrations of the drug in the lipid mixture if it 

25 is included. The formulation is stable to several 
freeze-thaw cycles; the appearance of solids or 
schleirin may indicate instability of the formula- 
tion. 

A second preliminary method of making the 
30 formulation involves dissolving the component lipids 
and drug, if it is incorporated, in a solvent or 
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mixture of solvents and mixing to attain homogeneity. 

The solvents are removed, in vacuo or by other 

suitable methods. The criteria for a suitable 

formulation are the same as noted above. 
05 A desired amount of an above preliminary 

formulation is placed in an aqueous environment. 

This aqueous environment is predominately water. 

Other substances can be present without altering the 

basic compositions. Examples of these other 
10 substances are pH buffering materials, amino acids, 

proteins, such as albumin or casein, and viscosity 

enhancers such as xanthine gums or gum arabic. The 

only criterion for the presence of these other 

substances is that they not substantially interfere 
15 with or alter the forces which cause the individual 

components of the composition to form the colloidal 

particles of the composition. 

Bicarbonate is added to the aqueous environment 

by dissolving a desired amount of bicarbonate salt m 
20 the aqueous enviroiunent either before or after the 

preliminary formulation has been placed there. 
The component 'lipid mixture in the aqueous 

environment is then subjected to shearing forces by 

an appropriate means. Typically, these shearing 
25 forces are achieved with a sonicator or a micro- 

fluidizer. The shearing operation is performed at an 

appropriate energy and for a time sufficient to yield 

homogeneous lipid-containing particles of the desired 
size* As noted in a below exemplification, the s 
30 amount of bicarbonate relative to the amount of lipid 
formulation is important in determining the ultimate 
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size of the mixed lipid-bicarbonate colloidal 
particles. Below a molar ratio of 1.4:1 
(bicarbonate: mixed lipid formulation) the mixed lipid 
bicarbonate colloidal particle size will be larger 

05 than approximately 120 nm. Between a molar ratio of 
1.4:1 and 7:1, the mixed lipid-bicarbonate colloidal 
particle size will be between approximately 120 nm 
and approximately 70 nm, depending on the molar ratio 
of bicarbonate to mixed lipid formulation. The 

10 bicarbonate can be added gradually or all at one time 
as the shearing procedure is performed. Alterna- 
tively, the bicarbonate can be added before the 
shearing procedure is performed. 

To obtain smaller submicron particles, bile 

15 salts at an appropriate molar ratio (bile salt: mixed 
lipid formulation) can be added to the aqueous medium 
before, concurrently, or after the bicarbonate is 
added. The molar ratios of bile salt to mixed lipid 
formulation as well as bicarbonate to mixed lipid 

20 formulation can be- any independent value, provided 
each of them is at least about 1:1 (i.e., the bile 
salt concentration or the bicarbonate concentration 
should be at least the same as the mixed lipid 
concentration). That is, the bile salt:mixed lipid 

25 formulation molar ratio as well as the 

bicarbonate: mixed lipid formulation molar ratio can 
be independently changed, resulting in an accompany- 
ing change in the mixed lipid-bicarbonate-bile salt 
colloidal particle size. However, to achieve mixed 

30 lipid-bicarbonate-bile salt colloidal particles of 
lOnm or less, the molar ratio of bile salt to mixed 
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lipid formula-tion should be at least about 10 : 1 and 
the molar ratio of bicarbonate to mixed lipid 
formulation should be at least 7:1. Again^ the bile 
salts can be added gradually or all at one time 

05 before or while the shearing operation is performed. 

As previously noted, compositions of the present 
invention can also include a drug, which is any 
chemical agent or chemical substance which affects 
living processes. They include, but are not limited 

10 to, drugs administered for diagnostic, therapeutic or 
preventive purposes; lipophilic pro-drugs; nutrients, 
such as fat soluble vitamins, and other xenobiotics. 

Biologically compatible surfactants can be added 
at any time to the aqueous medium containing the 

15 lipid formulation and bicarbonate (optionally also 
containing the bile salt) . Examples of biologically 
compatible surfactants include TWEEN 20, TWEEN 60, 
etc. These surfactants can be added before or after 
the shearing operation. 

20 The mixed lipid-bicarbonate or the mixed lipid- 

bicarbonate-bile salt colloidal particles are stable 
and can be stored under normal storage conditions. 
When a drug is incorporated in either of these 
compositions, the colloidal particles serve as a 

25 vehicle for transporting the drug to the intestinal 
mucosal cells following oral administration of the 
drug- containing particles to an individual. These 
drug-containing colloidal particles can be packaged, 
for example, in individual containers for oral 

30 administration of specific dosages of the 

incorporated drug. An individual simply opens the 
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packaging container and swallows its contents to 
achieve the oral administration of the drugcontaining 
colloidal particles. 

Likewise^ the mixed lipid-bicarbonate or the 

05 mixed lipid-bicarbonate-bile salt compositions can 
serve as a source of calories when administered 
without an incorporated drug. Again, an individual 
simply swallows the contents of a container that has 
a specific amount of the mixed lipid formulation to 

10 achieve oral administration of the desired 
composition. 

The mixed lipid-bicarbonate or the mixed lipid- 
bicarbonate-bile salt compositions, with or without a 
constituent drug, also can be topically applied to 
15 the skin of an individual. Such application provides 
a source of lipids, and drug if included, to the skin 
surface for whatever purpose is desired. 

The present invention is illustrated by the 
following examples which are not intended to be 
20 limiting of the invention. 

EXAMPLE 1 

Formation of Submicron Sized Particles 
of Lipid Formulations 

The following lipids were mixed together to 
25 yield a non-aqueous lipid mixture: soy lysophos- 
phatidylcholine (LPC), 18:1 monoolein monoglyceride 
(MG), and 18:1 oleic acid fatty acid (FA). The 
sources of these lipids were: Avanti Polar Lipids, 
5001A Whitling Drive, Pelham, AL 35124 for LPC, and 
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Nu-Chek-Prep, Inc., P. O. Box 295, Elysian, MN 56028. 

for .MG and FA. The molar ratio of these lipid 

components was 1:3:3 for LPC:MG:FA. This non-aqueous 

lipid mixture was put into water at LPC concentra- 

05 tions ranging from 10 to 1 mM. Since the molar 

ratio of LPC:MG:FA was 1:3:3, the total lipid mixture 

-3 

molar concentrations also ranged from 10 to 1 mM in 
the water environment. These formulations were then 
subjected to probe sonication (Cole-Parmer, 4710 

10 Series with a S&M 10 86 tip, 1.25 minutes at full 
power output) . The surface tension (dynes/cm) of 
these mixed lipid formulations was measured by 
determining the time between drops. Using this 
technique, the critical micelle concentration of this 

15 mixed lipid formulation was found to be about 0.1 mM 
(See Figure 1) . 

Particle sizes were measured of a 1.5 mM concen- 
tration of LPC (and also total lipid mixture) of the 
1:3:3 LPC:MG:FA formulation in water after probe 

20 sonication was performed. The particle sizes were 
measured with either a Nicomp Analyzer or a 
Brookhaven Particle Sizer. After the initial probe 
sonication, the particle size was approximately 170 
nm. Sodium bicarbonate, NaHCO^ , was incrementally 

25 added, sonication was continued and particle size was 
monitored. As the molar ratio of bicarbonate to 
lipid formulation (bicarbonate: lipid) approached 
1.4:1, the particle size approached approximately 120 
nm. When the bicarbonate: lipid molar ratio was in- 

30 creased to 7:1, the particle size decreased to 

approximately 70 nm. Between these bicarbonate: lipid 
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molar ratios, intermeaiate size particles of the 
lipid formulation were observed (see Figure 2). As 
the bicarbonate -.lipid molar ratio was further 
increased, the particle size did not significantly 
05 change. 

In another experiment, soy lysophosphatidyl- 
choline, 18:1 monoolein monoglyceride, and 18:1 oleic 
acid fatty acid from the same sources as in the first 
experiment were mixed together to yield a non-aqueous 

10 lipid mixture with a molar ratio of 1:3; 3 LPC:MG;FA. 
The non-aqueous lipid mixture was put into water so 
the LPC (and also total lipid mixture) molar concen- 
tration was about 1.7 mM, This formulation was then 
subjected to either probe sonication (Cole-Parmer 

15 sonicator) or shearing by action of a Microf luidizer 
(Model HOT, 2 passes at 70 psi) . After the shearing 
operation, the particle size was approximately 150 nm 
for the 1:3:3 formulation. The bile salt, sodium 
taurocholate, was gradually added and^ shearing was 

20 continued. The particle size was monitored as the 
bile salt was added. The particle size was reduced 
to approximately 100 nm while the bile salts were in 
their monomeric state (i.e., less than about 5 mM) 
and the molar ratio of bile salt to mixed lipid was 

25 about 5:1. As more bile salt was added, the particle 
size for this formulation decreased to approximately 
50 nm when the bile salts were primarily in their 
micellar state (i.e., greater than about 5 mM) and 
the molar ratio of bile salt to mixed lipid was about 

30 9:1. Between these bile salt: mixed lipid molar 
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ratios, intermediate size particles of the lipid 
formulations were observed (see Figure 3). 

When bicarbonate was added with sonication to 
the formulations of the latter experiment , the 

05 particle size was further reduced to approximately 10 
nm or less as the bicarbonate: lipid molar ratio was 
increased to- at least 7:1. When the bile salt, 
sodium taurocholate , was added with sonication to the 
formulation of the second experiment, the particle 

10 size was further reduced to approximately 10 nm or 

less as the bile salt: lipid molar ratio was increased 
to 10:1, i.e., as the bile salts reached their 
critical micellar concentration (achieving the 
micellar state). That is, when both the bicarbonate 

15 ion and bile, salt reached their optimal 

concentrations for forming the smallest size 
particles of* the lipid formulations, the particle 
size was approximately 10 nm or less (see Figure 4, 
where the concentration of LPC, and also total lipid 

20 mixture, was about 2.7 mM for the 1:3:3 LPC:MG:FA 
formulation) . 

EXAMPLE 2 



Incorporation of Drugs in the Colloidal Particles 

Fenretinamide was formulated with the mixed 
25 lipid LPC:MG:FA (1:3:3 molar ratio) using the solvent 
method of preparation. The molar concentration of 
fenretinamide was 0.8 with respect to LPC (and also 
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total lipid mixture) in the mixed lipid (drug) 
formulation. This non-aqueous mixed lipid(drug) 
formulation was put into an aqueous environment so 
the LPC (and also total lipid mixture) concentration 

05 was about 1.3 mM. The aqueous environment contained 
either bicarbonate at a concentration of 12.5 mM 
(i.e. a molar ratio of about 10:1 for bicarbonate: 
(LPC in mixed lipid) or bicarbonate and bile salt at 
respective concentrations of 12.5 mM (i.e. molar 

10 ratios of 1:10:10 for LPC in mixed lipid: bicar- 
bonate: bile salt). Colloidal particles of this mixed 
lipid (fenretinaraide) with bicarbonate or with 
bicarbonate and bile salt were made by the method 
described in Example 1. This drug is hydrophobic in 

15 nature and tends to reside in the hydrocarbon region 
of the mixed lipid-bicarbonate or mixed lipid- 
bicarbonate-bile salt formulations. Upon size 
exclusion chromatography on a Sepharose 4B column, 
the drug remained associated with the mixed lipid- 

20 bicarbonate or with the mixed lipid-bicarbonate-bile 
salt particles (see Figure 5). Free drug, i.e.^ 
without the presence of the particles, eluted from 
the column with a distinct elution profile in the 
region identified as 'free drug' in Figure 5. The 

25 smaller size of the mixed lipid(drug)bicarbonate-bile 
salt particles compared with the the mixed 
lipid (drug) -bicarbonate particles is noted from the 
longer retention before elution from the size 
exclusion column. 

30 Diltiazem, a benzothiazepine , was formulated 

with the mixed lipid LPC:MG:FA (1:3:3 molar ratio) 
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using the solvent method of preparation. Colloidal 
particles of this mixed lipid(diltiazem) formulation 
with either bicarbonate or bicarbonate and bile salt 
were made by the method described in the preceding 

05 experiment. This drug is hydrophobic in nature and 
tends to reside in the hydrocarbon region of the 
mixed lipid-bicarbonate formulations.. Upon size 
exclusion chromatography on a Sepharose 4B column, 
the drug remained associated with the mixed lipid- 

10 bicarbonate particles as well as with the mixed 
lipid-bicarbonate-bile salt particles. Free drug, 
i.e. without the presence of the particles, eluted 
from the column with a distinct elution profile when 
compared with the drug associated with the mixed 

15 lipid-bicarbonate particles. (See Drug A and 'Free 
Drug' of Figure 6). 

In a separate experiment, hydrochlorothiazide 
(HCT2) was formulated with the mixed lipid LPC:MG:FA 
(1:3:3 molar ratio) using the solvent method of 

20 preparation. This drug is not soluble per se with 
just monoglycerides and fatty acids. However, 
colloidal particles of this mixed lipid (HCTZ) 
formulation with bicarbonate were made by the method 
described in the first experiment of this Example. 

25 Size exclusion chromatography of these mixed 

lipid (HCTZ) bicarbonate particles on a Sepharose 4B 
column showed the elution profile of HCTZ as free 
HCTZ. This indicates that HCTZ probably resides in 
the polar regions of the mixed lipid-bicarbonate 

30 formulations and becomes free drug when bicarbonate 
is present. Next, the mixed lipid (HCTZ) formulation 
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and mixed lipid(diltia2em) formulation of the 
preceding experiment were mixed together at about a 
1:5 weight ratio of the respective formulations. 
This 'super mixture' was then sonicated in either an 

05 aqueous bicarbonate solution or an aqueous 

bicarbonate-bile salt solution and the resulting 
materials were eluted by size exclusion chromatogrphy 
from a Sepharose 4B column. Mixed lipid (diltiazem)- 
bicarbonate colloidal particles or mixed lipid 

10 (diltiazem) -bicarbonate-bile salt colloidal particles 
(Drug A in Figure 6) and free HCTZ (Drug B in Figure 
6) were eluted. These results show that with this 
technique of making mixed lipid (drug) -bicarbonate 
colloidal particles or mixed lipid{drug) -bicarbonate- 

15 bile salt colloidal particles, together with size 
exclusion chromatography, one can approximate the 
stability of mixed lipid-drug formulations to the 
milieu of the GI tract. 

EXAMPLE 3 : 

20 Skin Application of the Colloidal Particles 

The mixed lipid formulation of Example 1 was 
additionally mixed with casein (1-2% casein by weight 
in the lipid mixture) or with visible or fluorescent 
dyes. Colloidal particles of mixtures with 
25 bicarbonate were made by the method described in 

Example 1. These colloidal particles were topically 
applied to the skin. Following this application, the 
colloid lipids that resided on the skin surface gave 
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a desirable tactile sensability, e.g., softness, and 
repelled wetting of the skin surface with water. The 
colloidal particles that contained the visible or 
fluorescent dyes were solubilized from the skin 
05 surface by detergents. 
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A composition comprising: 

a. at least one non-esterif ied fatty acid 

having 

14-18 carbon atoms; 

b. at least one monoglyceride which is a 
monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 

c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; and 

d. bicarbonate; 

wherein said fatty acids and monoglycerides 
together comprise from about 70.0 mole percent 
to about 99.0 mole percent of the lipid 
composition and the molar ratio of said fatty 
acids to said monoglycerides ; is from about 2:1 
to about 1:2, and said lysophosphatidylcholine 
comprises from about 30.0 mole percent to about 
1.0 mole percent of said lipid composition; and 
wherein the composition is in the form of 
colloidal particles in an aqueous environment. 

The composition of Claim 1 wherein the 
concentration of said lysophosphatidylcholine is 
at least 0.1 mM in said aqueous environment and 
the molar ratio of said bicarbonate to said 
lysophosphatidylcholine is greater than 1:1 in 
said aqueous environment. 
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The composition of Claim 2 wherein the molar 
ratio of said bicarbonate to said 
lysophosphatidylcholine is greater than 1.4:1. 

The composition of Claim 3 wherein the molar 
ratio of said bicarbonate to said 
lysophosphatidylcholine is greater than 7:1. 

The composition of Claim 4 which additionally 
comprises bile salts wherein the molar ratio of 
said bile salts to said lysophosphatidylcholine 
in said aqueous environment is at least 10:1. 

The composition of Claim 5 wherein said bile 
salt is sodium taurocholate. 

A composition comprising: 

a. at least one non-esterif ied fatty acid 
having 14-18 carbon atoms; 

b. at least one< monoglyceride which is a 
monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 

c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; and 

d. bicarbonate; 

wherein the molar ratio of said fatty acids to 
said monoglycerides is about 1 : 1 and the molar 
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ratios of said lysophosphatidylcholine to the 
sum of said fatty acids and said monoglycerides 
is about 1:6; and 

wherein the composition is in the form of 
05 colloidal particles in an aqueous environment. 

8. A composition to enhance absorption of a drug 
incorporated therein, comprising: 
a. at least one non-esterif ied fatty acid 
having 14-18 carbon atoms; 
10 b. at least one monoglyceride which is a 

monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 
c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; 
15 d, bicarbonate; and 

e. a drug; 

wherein said fatty acids and monoglycerides 
together comprise from about 70,0 mole percent 
to about 99,0 mole percent of the ..lipid 

20 composition and the molar ratio of said fatty 

acids to said monoglycerides is from about 2 : 1 
to about 1:2, and said lysophosphatidylcholine 
comprises from about 30.0 mole percent to about 
1.0 mole percent of said lipid composition; and 

25 wherein the composition is in the form of 

colloidal particles in an aqueous environment. 



9. 



The composition of Claim 8 wherein said drug is 
a fat- soluble drug. 
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10. The composition of Claim 9 wherein said drug is 
f enretinamide * 

11. The composition of Claim 9 wherein said drug is 
diltiazem. 

05 12. A composition produced by a method comprising 
the steps of: 

a. combining a formulation comprising: 

i. at least one non-esterif led fatty acid 
having 14-18 carbon atoms; 
10 ii. at least one monoglyceride which is a 

monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; and 
iii. lysophosphatidylcholine in which the 
fatty acid moiety has 14-18 carbon 
15 atoms; 

wherein the molar ratio of said fatty acids 
to said monoglycerides is from about 2:1 to 
about 1:2^ and the amount of said lysophos- 
phatidylcholine is from about 1*0 mole 
20 percent to about 30.0 mole percent of the 

total lipid of the formulation; 

b. placing the combination of fatty acid^ 
monoglyceride , and lysophosphatidylcholine 
in an aqueous environment containing 

25 bicarbonate; and 

c. subjecting said combination to shearing 
forces sufficient to cause said composition 
to form homogeneous, identifiable 
particles. 
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13. The composition of Claim 12 further comprising 
the addition of bile salts to said aqueous 
environment before applying said shearing 
forces, wherein the molar ratio of said bile 

05 salts to said lysophosphatidylcholine of the 

formulation is at least 10:1. 

14. Use of a composition for the manufacture of a 
medicament for delivery of a drug wherein said 
drug is incorporated in said composition 

10 comprised of: 

a. at least one non-esterif ied fatty acid 
•having 14-18 carbon atoms; 

b. at least one monoglyceride which is a 
monoester of glycerol and a fatty acid 

15 having 14-18 carbon atoms; 

c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; and 

d. bicarbonate; and 

wherein the molar ratio if said fatty acids to 
20 said monoglycerides is from about 2 : 1 to about 

1:2, and said lysophosphatidylcholine comprises 
from about 30.0 mole percent to about 1.0 mole 
percent of the toral lipid in the composition; 
and wherein the composition is in the form of 
25 colloidal particles in an aqueous environment. 
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The use of Claim 14 wherein said composition 
additionally comprises bile salts, wherein the 
molar ratio of said bile salts to said 
lysophosphatidylcholine is at least 10:1. 

Use of a composition for the manufacture of a 
medicament for delivery of a readily absorbable 
source of calories derived from free fatty 
acids, monoglycerides and lysophosphatidyl- 
choline, wherein said composition is comprised 
of: 

a. at least one non-esterif ied fatty acid 
having 14-18 carbon atoms; 

b. at least one monoglyceride which is a 
monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 

c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; and 

d. bicarbonate; 

wherein the molar ratio of said fatty acids to 
said monoglycerides is from about 2 : 1 to about 
1:2, and said lysophosphatidylcholine comprises 
from about 30.0 mole percent to about 1.0 mole 
percent of the total lipid in the composition; 
and 

wherein the composition is in the form of 
colloidal particles in an aqueous environment. 

The use of Claim 16 wherein said composition 
additionally comprises bile salts, wherein the 
molar ratio of said bile salts to said 
lysophosphatidylcholine is at least 10:1. 



PCT/US91/05716 



-41- 

Use of a mixed lipid-bicarbonate composition for 
the manufacture of a medicament for topical 
application to the skin wherein said composition 
is comprised of: 

a. at least one non-esterif ied fatty acid 
having 14-18 carbon atoms; 

b. at least one monoglyceride which is a 
monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 

c. lysophosphatidylcholine in which the fatty 
acid moiety has 14-18 carbon atoms; and 

d. bicarbonate; 

wherein the molar ratio of said fatty acids to 
said monoglycerides is from about 2:1 to about 
1:2, and said lysophosphatidylcholine comprises 
from about 30.0 mole percent to about 1.0 mole 
percent of the total lipid in the composition; 
and 

wherein the composition is in the form of 
colloidal particles in an aqueous environment. 

A method of assessing the mixed lipid transport 
properties of a drug in the GI tract of an 
individual comprising the steps of: 
a. providing a composition comprising: 

i. at least one non-esterif ied fatty acid 
having 14-18 carbon atoms; 
ii. at least one monoglyceride which is a 
monoester of glycerol and a fatty acid 
having 14-18 carbon atoms; 
iii. lysophosphatidylcholine in which the 
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fatty acid moiety has 14-18 carbon 

atoms ; and 
iv. said drug; 
wherein the molar ratio of said fatty acids 
to said monoglycerides is from about 2:1 to 
about 1:2, and the amount of said 
phosphatidylcholine is from about 1 . 0 mole 
percent to about 30.0 mole percent of the 
total lipid formulation; 

b. placing the composition of fatty acid, 
monoglyceride, lysophosphatidylcholine and 
drug in an aqueous environment containing 
bicarbonate; 

c. subjecting said combination to shearing 
forces sufficient to cause mixed 

liljidC drug) bicarbonate colloidal particles 
to form; 

d. applying said particles to a size exclusion 
chromotography column; 

e. eluting said particles from said size 
exclusion chromatography column; and 

f . determining the elution profile of the 
eluted particles, wherein drugs eluting 
with said particles are considered to be 
stably transportable in said GI tract. 

The method of Claim 19 further comprising the 
addition of bile salts to said aqueous 
environment before applying said shearing 
forces, wherein the molar ratio of said bile 
salts to said lysophosphatidylcholine of the 
formulation isat least 10:1. 
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